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® Package to board variable pitch tab. 



@ A variable pitch tab leadframe assembly (103) 
has a plurality of patterned conductive elements 
(107) for transmitting input and output signals to 
bonding locations on an electronic device. The lead- 
frame assembly comprises conductive elements with 
a variable pitch to accommodate a plurality of stan- 
danj pitch bond sito printed circuit board footprints. 
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PACKAGE TO BOARD VARIABLE PITCH TAB 



Reld of the Invention 

The present invention relates to the field of 
electronic component manufecturing and pack* 
aging. 

Background of the Invention 



A problem In the prior art of electronic compo- 
nent packaging Includes inefficient steps in the 
production of leadframes for bonding with variably 
sized and pitched component packages. The sul> 
stantlal inefficiencies inherent in requiring different 
leadframes to be manufactured for connecting dif- 
ferent packages to printed circuit boards is both 
costly and wasteful. However, by providing a uni- 
versal tab leadframe which may be utilized, by only 
slight modification, with variably pitched packages, 
then cost and material savings combine to greatly 
improve the manufacturing and packaging pro- 
cesses. The present package to board variable 
pitch tab leadframe invention overcomes the prob- 
lems Identified above. 



Summary of ttie Invention 

The present invention fs a variable pitch tab 
leadframe assembly. The leadframe assembly 
comprises a plurality of patterned conductive ele- 
ments for transmitting input and output signals to 
bonding locations on an electronic device. The 
leadframe assembly comprises conductive ele- 
ments with a variable pitch to accommodate a 
plurality of standard pitch bond site printed circuit 
board footprints. 



Brief Description of the Drawings 



Rgure 1 is a top plan view of a shadow 
mask and die assembly showing shadow mask 
vlas. 

Rgure 2 is a side elevation cross section 
view taken generally along line 2-2 of Figure 1 
showing a shadow mask removably attached to a 
die representing a wafer or chip. 

Rgure 3 is an enlarged cross sectk>nal ele- 
vation view of a portion of the die shown In Rgure 
2 illustrating deposited solderable material on a 



portion of the die after the mask is removed from 
the die. 

Figures 4a and 4b are cross section eleva- 
tion views of a prior art leadframe/gold tHjmp bond- 
6 ing process showing both incomplete leadframe-to- 
gold bump bonding and a fractured die. 

Rgures 5a end 5b are cross section eleva- 
tion views of a leadframe witi) organic standoff 
means arranged for bonding with solder bumps. 
10 Figure 6 is a side elevation view depicting a 

schematic prior art tin coated copper leadframe 
being positioned for bonding to a gokj metalization 
bump. 

Rgure 7 is a side elevation view depicting a 
TS schematic copper leadframe shown in position for 
bonding to a tin cap solid base metalization bump. 

Figure 6 is a cross section elevation view of 
a prior art qq\6 bump manufactured by a spin-on 
resist process. 

20 Rgure 9 is a cross section elevation view of 

a spun-on resist solid base bump with a tin cap. 
Rgure 10 is a cross section elevation view of 

a prior art vertical wail gold bump manufactured by 

a dry film resist process. 
25 RgurB 1 1 is a cross section elevation view of 

a vertical wall dry film resist solid base bump witii 

a tin cap. 

Rgure 12 Is a top fragmentary view of a 
variable pitch tab leadframe. 

30 Figure 13 is a top plan view of a representa- 

tive tape leadframe illustrating four sections gen- 
erally analogous to that shown in Rgure 6 to form a 
complete variable pitch tab leadframe about a cen- 
tral package area. 

35 Rgure 14 is a top plan schematic view of the 

second end portions of adjacent conductive ele- 
ments of a variable pitch tab leadframe having a 
first pitch at bond pads of a next level of pack- 
aging. 

40 Rgure 15 is a top plan schematic view of the 

second end portions of adjacent conductive ele* 

ments of a variable pitch tab leadframe haying a 
second pitch at bond pads of a next level of 
packaging. 

45 Rgure 16 is a top plan schematic view of tiie 

second end portions of adjacent conductive ele- 
ments of a variable pitch tab leadframe having a 
tf^ird pitch at bond pads of a next level of pack- 
aging. 

50 

Detailed Description of the Preferred Embodiments 



Detailed preferred embodiments of ttie present 
invention are disclosed. K Is to be understood. . 
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however, that the disclosed embodiments are 
merely exemplary of the invention, which may be 
embodied In various forms. Therefore, specific 
structural and functional details disclosed are not to 
be interpreted as limiting, but rather as a repre- 
sentative basis for teaching one skilled in the art to 
variously employ the present Invention In virtually 
any appropriately detailed system or structure. It^ 
will be understood that In some circumstances rel- 
evant material thicknesses and relative component 
sizes may be shown exaggerated to facUitate an 
understanding of the invention. 

Inventions described in the present application 
relate to improvements in manufacturing, bonding, 
and packaging of electronic components to achieve 
improved retiabtlity. improved yield, and greater 
material and manufecturing efficiencies. The im- 
provements comprise unique features including 
etched shadow mask construction, conductive met- 
aiized bump composition, and preferred structure 
of tape leadframes. 

Refening to Figure 1, an exemplary mask 10 is 
illustrated. It is appreciated that masks, also known 
as shadow n\asks or vapor deposition masks, are 
variously constructed and shaped; however, the 
basic function of masks Is to provide vapor deposi- 
tion patterns for conductive material to ba evap- 
orated onto a die thereunder. Accordingly, mask 10 
comprises a mask top surface 12 which defines 
apertures or vias 16. Mask 10 Is removably moun- 
ted on a surface of a die and positioned in a 
chamber in which evaporation and deposition of 
solderable material will occur. During the evapora- 
tion and deposition process, the solderable material 
passes through vias 16 in mask 10 and is depos- 
ited in a pattern on the die. This provides a pattern 
of solderable material on the die for later reflowing, 
bonding, or other operations. 

Frequently, prior art masks experience warping 
or other reshaping so that vaporized solderable 
material passes through the vias and is deposited 
on various portions of the die which were not 
directly beneath each via area. This results in un- 
wanted electrical shorts being created on the die. 
Yet another problem exists with prior art masks 
wherein a substantial portion of the mask surface is 
in contact with the die when the mask Is agitated or 
slightly moved. This often results in scratching of 
the die surfaces. These problems substantially re- 
duce the yield of reliable die during the production 
process. Due to the expensive recovery required in 
repair of poorly manufactured or damaged dies, 
many such devices are discarded. It is appreciated, 
therefore, that the associated yield problem results 
in waste and Inefficiency In the Industry. 

Rgure 2 Is a side levation cross section vi w 
taken generally along lines 2-2 of Figure 1 showing 
mask 10 removably mounted onto die 24 by 



mounting nneans 20. Die 24 may comprise a semi- 
conductor chip, or a wafer comprising numerous 
semiconductor chips. Die 24 may comprise various 
materials and layers, however, a representative ma- 

5 lerial combination In the die upper passivation re- 
gion 25 Includes a passivation portion 25a. such as 
silicon nitride, or more generally an insulator ma- 
terial, and a metalized portion 25b, such as alu- 
minum, or more generally a conductive metaliza- 

10 tion. As is well known in the field, metalized por- 
tions 25b comprise conductive Interconnects and 
are, tiierefore. deposition sites for later depositing 
of the vaporized solderable material. More specifi- 
cally, interface metaiization 28. shown in Rgure 3, 

IS is commonly deposited first onto metalized portion 
2Sb, and then solderable bump material 30, also 
shown in Rgure 3, is then vapor deposited through 
vias 16 onto interface metaiization 26. 

Rgure 2 shows die 24 comprising top surface 

20 34 and bottom surface 36. Figures 2 and 3 there- 
fore illustrate die 24 having a plurality of deposit 
sites etched or otherwise positioned to provide 
solderable material In the form of bumps onto 
interface metaiization 28, and extending generally 

25 from die top surface 34. in order to predsely 
position vaporized solderable material at these par- 
ticular desired deposition sites, a mask of suitable 
rigidity and via pattern must be used. Such masks 
are frequently made of metallic materials, as pref- 

30 erably is mask 10. which is typically constructed of 
molybdenum; however, other materials may be uti- 
lized such as glass or plastic. 

I^ask 10 comprises mask top surface 12 which 
functions as an outer surface facing away from die 

as 24 in operation, and which Is located opposite 
mask bottom surface 13. As shown In Rgure 2, 
vias 16 extend through mask 10 between top sur- 
face 12 and bottom surface 13 to permit vaporized 
bonding metals to pass through the mask and to 

40 deposit onto predetermined locations of die 24. As 
further shown in Rgure 2. mask bottom surface 13 
comprises a plurality of recessed regions 44. Re- 
gions 44 are constructed to minimize the area of 
mask 10 In contact witii die 24 during the vapor 

45 deposition process. Moreover, the errangement of 
recessed regions 44 In relation to bottom surface 
13 surrounding vias 16 provides for substantially 
full mask thickness via regions having a width 
labelled R which provide damming action about ttie 

60 via to retain the vapor deposit within the predeter- 
mined deposit sites of die 24 defined by the via 
regions. 

Another way of describing the relation between 
recessed regions 44 and vias 16 Is to describe the 
55 recessed regions 44 as having a base surface 47 
which ar constructed and arranged for placement 
at a distance D from die surface 34. Thus, mask 10 
bottom surface 13 Includes etched r oessed re- 
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gions 44 which define a projection 49 located ar- 
ound each via 16. Projections 49 extend from the 
plane or planes 60 which includes base surfaces 
47 of etched recessed regions 44 to miramize the 
contact area of mask 10. to only that area^ 
faottotrv surface 13. In contact will, die 24 dunng the 
entire process of vapor deposition. ^ 

By reducing the surface area of masl< 10 ac- 
tually In contact wHh die 24. the risk of the mask 
danuming the die is greatly reduced. Moreover, 
this mask construction allows the clamping or re- 
taining force of mounting means 20 » be advarrta- 
geously focused onto the areas defined by bottom 
surface 13 immediately surrounding vias 16. Thus, 
a secure fit of mask 10 results and unwanted 
deposition of solderaWe materia) beyond the area 
on the die defined by the diameters of each wa 16. 
shown in Rgure 2 as R. Is prevented. Prior art. 
shadow masks have fated to adequately contein 
solderable materials and have frequently resulted 
in undesired and uncontrolled seepage of such 
materials between predetermined depositton sites, 
resulting In electrical shorts and reduced capabil- 
ities of the devices involved. 

It is to be understood that as the number of 
vias on mask 10 Increases, an Increasing area of 
mask bottom surface 13 Is required to achieve the 
objectives stated above. Also, as the density of 
vias 16 increases, then undesired Hexing or loss of 
rigidity of mask 10 may occur. Therefore, reinforc- 
ing ridges 66. shown in Figures i and 2. may be 
utilized for stiffening mask 10. Reinforcing ridges 
66 may be arranged In various orientations and 
shapes to achieve the advantages within the scope 
of this invention. Indeed, reinforcing ridges 66 need 
not be linrited to protrusions from top surface 12 
but Instead may comprise material which is har^ 
daned in relation to the mask material comprising 
the remainder of 'mask 10. 

In a preferred embodiment, mask 10 compnses 
a molybdenum mask h»Aig a full thickness of 4 
mils. Preferred mask 10 may be used with a die 
having passivaBon and mataHzaton oombmad 
thickness of approjdmately 20 mils. Moreover, such 
a combination would provide means for deposiTlng 
about a .5 micron thin film interface metafization 
28. and a subsequem 100 micron thickness sol- 
defflble material 30. as shown generally and not to 
scale In Rgure 3. It is appreciated that sizes and 
shapes shown herein may vary considerably with 
each production requirement The substantial re- 
duce n of contact surface area between mask 10 
and die 24 Is most relevant, as is the manner in 
which mask 10 prevents unwanted deposition of 
conductiv metal'izatlon onto areas of die 24 be- 
yond the via areas labelled by diameter R . 

A method of manufacturing a damage reducing 
etched shadow mask 10 for provWing vapor depo- 



sition patterns of bonding metals onto a surface of 
die 24 is also provided. This method preferably 
comprises the steps of providing a nonwettable 
shadow mask 10 having top surface 12 and bottom 
6 surface 13: creating vias 16 exiendtag through 
mask 10; and etching portions of mask 10 bottom 
surface 13 to provide recessed regions 44 and 
substantially fuU thickness regions (having height 
labelled E and width comprising the thickness of R- 
,0 r' as shown In Rgure 2). the recessed regions 44 
providing for a reduced surface area in contact with 
die 24 during a vapor depositton process. The 
etching step may further comprise providing pro- 
leclions 49 or ridges extending annularly from vias 
,5 16 at bottom surface 13 of mask 10. Mask 10 
pennils manufacture and deposition through evap- 
oration of a plurality of bumps comprising sol- 
derable conductive bump material 30. Figure 3 
and which Is shown In shadow 31 in a reflowed 
20 configuration. 

WitWn the field of electronic component manu- 
facturing and packaging, serious problems exist 
due to inadequate onifom^ity of conductive bump 
height unacceptable organte matter within pack- 
as ages, fatigue-prone bonds, and temperature sen- 
sitive components. An example of non-umfomt con- 
ductive bump heights Is shown in Rgure 4a w 
whicn prior art gold bumps eia, 61b. 6lc. and Md 
are arranged on die 62. As iHustrated. bumps 61a. 
30 61b. 610. and 61d have different heights repre- 
sentative of the non-uniformity of bump heights 
often present in such struchires. In a typical ijrior 
art process, a representative leadframe assembly is 
positioned over die 62 and the bumps, with the 
35 leadframe assembly comprising conductive metaJ 

leads 63. ^ - 

Rgure 4b Illustrates the structures of Rgure 4a 
after a planar bonding force has been applied to 
leads 63 by bonding tip means 86. As Is shown in 
40 tt>e figure, the bonding force has caused die ez to 
fracture below gold bump 6lb due to the high 
bump height of that bump. As Is also shown, leads 
63 have contacted and bonded with correspond- 
ingly tacated bumps Bib and 61d. However gM 
45 bump 61c has not bonded with Its lead due to the 
Short bump height of bump eic. This results in 
non<onductivlty and Improper performance of a 
device using die 62 and relying on a bond between 
bunw 6tc and Its lead. 

Rgure Sa and Sb are cross »ef »" 
views of a leadframe with organic standoff mwiw 
arranged for bonding wWi solder bumps. Height 
standoff means 64 is commonly provided to pre- 
vent overoompression of leads 63 Into the conduc- 
ss tive bonding material of relatively soft bumps such 
as solder bumps Ble which do not maintain a 
unifonn standoff height when bonding tip means 66 
is brought into contact wfth leads 63 to fomi a 
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connection between leads 63 and die 62 via the 
solder bump 61e. Height standoff means 64, or 
diefectric means, is frequentiy constructed of or- 
ganic material which Is subiect to moisture collec- 
tion and long term deterioration. 

The present tin cap on solid base bump Inven- 
tion solves the problems niustrated In Rguros 4b 
and 5b. With the present tin cap on solid basa 
bump Invention, cracWng of die 62 under prior art 
gold bumps such as 61 b Is substantially reduced 
when such prior art gold bumps are replaced by 
the present tin cap on solid base bump invention. 
Further, open connections such as shown above 
prior art gold bump 61c In Rgure 4fa are substan- 
tially reduced when such prior art gold bumps are 
replaced by the present tin cap on solid base 
Dump Invention. In addition, when the present tin 
cap on solid base bump Invention is used to re- 
place prior art solder bumps 61 e, height standoff 
means 64 comprising organic material can be 
eliminated* thus creating the option of a package 
free of organic material, consistent with require- 
ments such as those of U.S. Department of De- 
fense Military Standard 38510. 

it Is to be understood that within the field of 
electronic component manufacturing and bonding 
another problerh exists with respect to inadequate 
means for strong and effictem bonding of leads to 
various devices. For example, the bonding forces 
and temperatures needed for bonding prior art 
leads often caused cracking of Integrated circuit 
devices and open bonds. These phenomena led to 
plating of leads, commonly copper leads, with tin In 
order to lower the force and temperature require- 
ments for bonding. However, that solution led to 
yet another problem known as whiskering. which 
occun-ed principaliy during the tin plating process. 
This problem relates particularly to copper leads 76 
such as depicted in Rgure 6 that are plated or 
coated with a solderabie materia! 78 such as tin. 
Plated lead 76 is shown prior to bonding to a 
conductive metalized bump 80 tocated on a semi- 
conductor device 82. Tills new problem was ad- 
dressed In the art either by providing additional 
processes to achieve fin stress relief or by plating 
the copper or other metal leadf^es with gold or 
other metals. Those solutions, however, are rela- 
tively very time consuming and expensive, and are 
therefore less preferable to the low cost solution of 
the present tin cap on soDd base, such as gold, 
iHinnp invention. 

As illustrated in Figure 7. conductive lead 84, 
such as a portion of a conducthre metalized lead- 
frame, is provkJed. A schemaflc conductive m tal- 
ized bump 98 is also shown positioned on a die 90. 
Bump 98 preferably comprises a bump lower por- 
tion 92 comprising a gold base material of substan- 
tially 100% by weight goM to provide a substan- 



tially fixed standoff height during the bonding pro- 
cess. Bump 98 preferably also comprises a bump 
upper portion 94 comprising an effective amount of 
tin deposited on a top surface 97 of the gold base 
5 material comprising the Iximp tower portion 92. 
Preferred tin cap on gold base bump 98 provides 
improved means for interconnecting electronic 
components and comprises Improved fatigue and 
expansion coefficient properties over solder bumps 
10 on dies. This gold-tin combination bond provides a 
high strength refiowable alloy. 

As an alternative to lower portion 92 compris- 
ing substantially 100% by weight of gold, a suitable 
base material may be comprised of at least one 
IS metat selected from a group consisting of chrome, 
nickel, titanium-tungsten, cobalt, and copper. Of 
particular relevance, however, is the manner in 
which the bump lower portion 92 provides effective 
standoff height during the bonding process and the 
20 manner In which the tin cap marerial permits lead 
travel well into the bump structures during the 
bonding process so that the bump height uniform- 
ity tolerances may be less severe. It is to be 
understood, however, that a tin cap on a solid base 
25 bump may be employed without using only a gold 
base. For example, as indicated above, a solid 
base of nickel or other suitable conductive material 
Is within the scope of this invention. 

Further, by use of preferred bump 98, the 
30 previously identified problems of the prior art are 
solved using a relatively Inexpensive combination 
and arrangement of materials. By plating tin on top 
of a gold base and then reflowing the tin during a 
bonding process, a goW-tin joint is achieved be- 
as tween a die and a leadframe. This provides for the 
manufacture of gold tin alloy bumps which simplify 
the leadframe-to-chip bonding process as com- 
pared with tin or gold plated copper leads and gold 
bumps, which often result In a cracked die. or 
40 which display the tin whiskering described above. 

The use of a bump comprising a tin cap upper 
portion 94 on a solid base lower portion 92. pro- 
vides standoff height independent of any require- 
ment for organic material attached to either the 
45 lead 84 or tfie die 90. Accordingly, a bump Is 
provided for use in interconnecting electronic com- 
ponents which meets the organic matter prohibition 
of U.S. Department of Defense Military Standard 
38510. and ^mllarly restricted military standards. 
50 This results in substantially improved reliability for 
electronic components. Moreover, such construc- 
tion facilitates the type of mass bonding known as 
•gang bonding" for high-density electronic devices 
by easing the restrictions for planarity with respect 
ss to bond height In otfier words, tiie individual bond 
heights of a plurality of bumps 98 need not bo 
precisely the same due to the phenom non of the 
tin material comprising the bump upper portion 94 
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providing relfet for proper penetration of lead 84. 
This structure also fadlitates repair or rework of 
bumps to provide overall manufacturing cost sav- 
ings. 

Prior art bun^ps comprising only goW, such as 
bumps 99, 100 in Figures 8 and 10. must have a 
height uniformity of within i 1 micrometer. How- 
ever, a preferred tin cap on solid base bump, such'^ 
as bumps 101. 102 in Rgures 9 and 11, allow 
about t 5 miaometers of bump height non-uni- 
formity. Thus, preferred tin cap on solid base, such 
as a gold or nicicei base, bumps 93. 101, and 102 
provide non-organic non-collapsible height standoff 
means while also permitting sufficient travel or pen- 
etration cf conductive leads into the tin caps to 
achieve higher reliability during bonding over prior 
art bump structures. 

Rgures 8 and 9 show bumps manufactured 
using spin-on resist processes while Rgures 10 
and 11 show bumps manufactured using dry film 
resist processes. Note the novel structures shown 
in the tin capped bumps 101. 102 of Figures 9 and 
11 respectively. These tin cap on solid base 
bumps overcome the bond reUabiiity and organic 
matter problems of the prior art This novel bump 
structure also overcomes the prior art bond site 
fatigue and tin whiskering problems. Even further, 
the high strength tin cap on sdid base bump 
invention permits use of materials having compati- 
ble coefficients of expansion and which permit re- 
flow and bonding at temperatures and pressures 
which are lower tttan In the prior art 

In operation, a preferred tin cap on solki base 
bump 98 typically comprises approximately 5 
microns of tin positioned on fop surface 97 of 
bump lower portion 92. shown generally in Figure 
7. in which the bump lower portion 92 material 
typically comprises approximately 30 microns of 
sofid base material, such as gold or the like. Prefer- 
ably, the bonding process uses a furnace bond 
process to further minimize the shock of boncfing 
leads 84 onto die 90. Thus, a method of providing 
a low temperature and high rellabliity bond be- 
tween electronic components is provided. This 
method Includes the steps of providing first and 
second electronic components; provkiing a bump 
for placement onto the first electronic component 
the bump having a tower portion 92 comprising an 
eff^ve amount of solid or non-collapsible conduc- 
tive metal (e.g. gold or nickel) base material to 
provide non-organic standoff height during the 
bonding process; placing an effective amount of tin 
bonding material on top of the soiid base material; 
positioning the second electronic component proxi- 
mate 1h tin, as shown in Figures 6 and 7 by force 
labels F and f' respectively; and reflowing the tin 
to provide a bond between the first and second 
electronic components and to provide a bond be- 



tween the solid base material and the tin bonding 
matertal. This method preferably Includes a first 
electronic component comprising a lead, such as 
lead 84, of a leadframe. and a second electronic 

5 component comprising a die. such as die 90, which 
may be a semiconductor chip or wafer, or similar 
bump-carrying device. A preferred method of pro- 
viding a low-temperature high-reliability bond be- 
tween electronic components preferably comprises 

70 the step of reflowing the tin wHhin a furnace heater. 
Another mettiod is provided according to the 
present tin cap on solid base bump Invention. This 
metfiod includes providing fumace bonding of a 
semiconductor chip to the corKluctive elements of 

75 a leadframe. This method comprises the steps of 
posittoning a semiconductor chip comprising a plu- 
rality of bonding locations in a holding member 
with a chip support surface. Then, preformed bond- 
ing material is provided at the bonding locations, 

20 the preformed bonding material comprising a non- 
collapsible conductive metal lower portion for pro- 
viding non-organic standoff height during the bond- 
ing process and a reflowable tin cap upper portion 
for connecting conductive elements of a leadframe 

25 witti the chip bonding locations. The conductive 
elements of a leadframe are then aligned with 
corresponding bonding locations on the semicon- 
ductor chip, and the leadframe conductivo ele- 
ments are moved toward the chip bonding k)ca- 

30 tions so that the bonding material is arranged be- 
tween the conductive elements and the chip bond- 
ing locations. A fumace bond heating process is 
tiien used for heating tiie bonding material to a 
point of reflow so that all of the conductwe ele- 

3S ments are bonded to the banding material tin cap 
upper portions and the tin cap upper portions are 
alloyed to the non-collapslble lower portions. A 
further step comprises cooling the bonding material 
and ih6 leadframe conductive elements. 

40 Yet anoti»r problem within the field of elec- 
tronic component packaging Involves the manner of 
connecting leadframe conductive elements to var- 
iously spaced next levels of packaging. It is quite 
common for manufacturers of conductive lead- 

45 frames, such as tab leadframes. to design different 
leadframes to match differentiy pitched printed cir- 
cuit board footprints. Hovrever, prior art leadframes 
do not have structure enabling the leadframes to 
be used wHh only slight modification with differ- 
so ently pitched next level of packaging bond site 
patterns. Therefore, what has been needed has 
been an efficient and variable pitch tab leadframe 
assembly as partially shown In the fragmentary 
view of Figure 12. 

93 Refening to Rgure 12, a fragmentary view of a 
variable pitched tab leadframe assembly 103 is 
illustrated In which a plurality of substantially iden- 
tical leadframe assembly segments 104 are shown 
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each comprising patterned conductive elements 
107 for transftUttmg Input and output signals to 
bonding locations 110 on w 
Variable pitch tab leadframe assembly 103also 
comprises means for providing a variable pitch to 
conductive elements 107 to accommodate a plural- 
ity of standard phch bond site printed circuit toad 
footprints, such as footprints designated by JEDEg. 
standards. Rgure 12 shows a fragment of a typical 
tab leadframe assembly according to the variable 
pitch leadframe assembly Invention and may be 
appreciated more fully in the context of Rguro 13 
which iilustrates. In dotted lines, the relative relation 
of the fragment of Rgure 12 when combined with 
other fragments to form a complete representafive 
outline of a typical variable pitch tab leadframe 
assembly 103 positioned preferably as one of a 
plurality of such ieadftame assemblies on a sprock- 
eted tape 112. In figures 12 and 13. a central 
region labelled 116 represents the area in which a 
die. a semiconductor chip, or the Bke. is placed for 
taterconnection with variable pitch tab leadframe 
assembly 103. 

Preferred variable pHch tab leadframe assem- 
bly segment 104 comprises means for providing a 
variable pitch to conductive elements 107, conduc- 
tive elements 107 each comprising a first end 
portion 120 arranged for connection with a semi- 
conductor chip package tocated In area 116. Each 
conductive element also comprises a second end 
portion 123. the location of which is selected by the 
manufacturer, which is arranged for connection with 
a next level of packaging. Preferably, first end 
portions 120 of adjacent conduclivB elements have 
a fust pitch spacing, and second end portions 123 
of said adjacent conductive elements have a sec- 
end pitch spacing which Is different than the first 
pitch spacing. In Rgure 12. this relationship te 
represented by adjacent conductive elements first 
and second end portions labelled 120a. 120b. and 
123a 123b respectively. Variable pitch tab lead- 
frame assembly segments 104 may comprise a 
plurality of parallel secfions each having a ptWi 
spacing corresponding to. for example, a JEOEC 
standard pitch spacing commonly used within the 
field of component packaging. For example, the 
pHch spacing between lead second end portions 
may be SO mils (l.2Smm). 40 mils (l.Omm). 25 
mils (.625mm). 20 mils {0.5mm). or even less. 
However, as the number of leads Increases and 
greater density of packaging is pursued, the pitch 
of packaging continues to decrease. Yet each time 
a different pitch is used on a pacl<ago. it may 
require a package l9adframe-to4)oard spacing spe- 
dfically for that pitch. 

Thus, this variable pHch tSb leadframe inven- 
tion pnDvIdes leadframe assembly segments 104 
which comprise conductive elements 107 tor con- 



nection with a package such that the package may 
be connected to variously pitched next levels of 
packaging, and vice versa. This may be accom- 
prished by taWng a tightly pHched package and 
s attaching a leadframe to It that has and relies on 
the tab design to change the leadframe-to-board 
pitch. Tab leadframe assembly segment 104 pref- 
erably comprises krterconnect sites which are 
fanned out along each conductive element to var- 
10 ious desired pitches. This permits the chip manu- 
facturer to provide a packaged device to a variety 
of users depending upon the user's sophistication 
in bonding devices to next levels of packaging 
using tight pitches. In other words, one size of 
«5 variable pitch tab leadframe assemblies 103 may 
be used on many differently pitched printed circuit 
boards and package arrangements by cutting con- 
ductive elements 107 for desired pHch lengths at 
second ends 123 from a pluraBty of preexisting 
20 second end pitch patterns on conductive elements 
107 This results in substantial savings in that man- 
ufacturers do not have to tool new leadframes and 
packages for each different board or user require- 
ment It Is to be understood that pitch spacing 
as greater than or less than those ^"^P'^IY P'^ 
spacings indicated above are envisioned within tfie 
scope of this invention, as Is the number of parallel 
sections on conductive elements 107 for achieving 
numerous different pitches. 
30 Rgure 12. therefore, illustrates a vanable pitch 
tab leadframe assembly 103 for providing connec- 
tion between a semteonductor chip package, which 
would be located in area 116. and a next level of 
packaging, which would be located In an area gen- 
9S orally designated 126 corresponding to a pnnted 
circuit board or the like. Variable pHeh tab lead- 
frame assembly 103 also preferably comprises 
leadframe assembly segments 104 compnsmg a 
pkirallty of patterned conductive elements 107 for 
40 transmitting input and output signals to bonding 
locations on an electronic device. Vanable pitch tab 
leadframe assembly 103 also preferably comprises 
means for providing a variable pitch pattern to 
conductive elements 107 each comprising a first 
45 seotton 130 and a second section 132 In which 
adjacent conductive elements are arranged m par- 
allel, and a third secUon 133 in which adjacent 
conductive elements 107 are In non-parallel, me 
first and second sections being connected by tne 
60 third section. Also, each conductive alef^ent 107 
preferably comprises a first end portion 120 for 
connection with a semiconductor chip package ahd 
a second end portion 123 for connection with a 
next level of packaging. It Is to be understood that 
5s second end portions 123 may be located at vanous 
lengths or pitches, as shown in Rgures 12-16. nrsi 
end portions 120 of adjacent conductive elements 
107 preferably have a first pitch spacing and sec- 
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ond end portions 123 of said adjacent conductive 
elements 107 have a second pitch spacing which Is 
different than the first pitch spacing. Thus, the pitch 
spacing on prefen-ed variable pitch tab leadframe 
assembly 103 between adjacent conductive ele- 
ments 107 differs between the first and second 
sections. 

Although various pitch spadngs may be uti-" 
lized In a variable pitch tab leadframe assembly 
103 of the present invention, first end portions 120 
of adjacent conductive elements 107 are spaced at 
any practicable pitch. Similarly, the corresponding 
second end portions of adjacent conductive ele- 
ments 107 may be spaced at a pitch of generally 
between about 5 mils{0.125mm) and 50 mils 
(1.2Smm). It is appreciated that the next level of 
packaging user will determine the appropriate pitch 
for leadframe-to-board attach. For eicample, as Il- 
lustrated in Rgures 14-16. adjacent conductive ele- 
ment second end portions 123 comprise different 
pitches depending on where the conductive ele- 
ments 107 are severed, as determined by the pitch 
of the bond sites at the next level of packaging. In 
Rgure 14. second end portions 123 are shovyn 
positioned at corresponding twnd pads 130 having 
a pitch Pi. In contrast Figure 15 Illustrates a nexi 
level of packaging requirement with bond pads 140 
having a pitch P2 that Is different from pitch PI. 
Similarly. Rgure 16 Illustrates another packaging 
requirement for which a pitch P3 exists between 
bond pads 150. No prior art tab leadframe assem- 
bly 18 known or available with structure to accom- 
modate the multiple next level of packaging pitch 
requirements as depicted in Rgures 14-16. or 
more. However, variable pitch tab leadframe as- 
sembly 103 may be used for various pitch require- 
ments with the great advantages of simplicity, ma- 
terial efficiency, and savings ot electronic pack- 
aging time, and is thus prefenred. 

A method of providing a tab leadframe assem- 
bly Is also provided which permits electrical con- 
nection between a semiconductor chip package 
and a next level of packaging comprising various 
steps. These steps preferably comprise providing a 
leadframe as shown substantially as in Hgure 12 
comprising a plurality of patterned conductive ele- 
ments: arranging the pattern of the leadframe con- 
ductive elements to provide a first section 130. a 
second section 132. and a third section 134 In 
which adjacent conductive elements are arranged 
in parallel, and a fourth section 133 and a fifth 
section 135 in which adjacent conductive elements 
are arranged In nor>-paralle) fanned relation arud 
which provide interconnection between the first, 
second, and third sections. Rirther. the step of 
arranging itie pattern of the leadframe conductive 
elements may comprise providing a plurality of 
first, second, and third sections so that the pitch 



spacing of adjacent conductive elemerrts differs 
between the first second, and third sections. Fur- 
ther sections may be Included following tiia above 
method of manufacture. 

6 It Is to l)e understood that while certain em- 
bodiments of the present invention have been Illus- 
trated and described, the invention is not to be 
limited to the specific forms, sizes, or arrange* 
ments of parts described and shown above, since 

10 others skilled in the art may devise other embodi- 
ments still within the limits of the claims. 
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Claims 



1 . A method of providing a tab leadframe as- 
sembly which pemilts electrical connection to one 
of a plurality of differently pitched next level of 
packaging bond site footprints the method charac- 

20 terised by: 

a) providing a variable pitch tab leadframe 
assembly (103) comprising a plurality of patterned 
conductive elements (107); 

b) arranging the pattern of the leadframe 
25 conductive elements to provide a first section 

(130). a second section (132), and a third section 
(134); each section comprising adjacert conductive 
element^? (107) arranged in parallel and with each 
section comprising pitch spacing (PI, P2. P3) that 
30 Is different from ttie other sections; and 

c) positioning a leadframe conductive ele- 
ment fourth section (133) In connection with the 
first (130) and second (132) sections, and a fifth 
section (135) in connection with the second section 

35 (132) and ttie third section (134) so tiiat adjacent 
conductive elements (107) In each of ttie fourth 
(133) and fifth (135) sections are positioned In non- 
parallel relation. 

2. A variable pitch tab leadframe assembly 
40 (103) characterised by: 

a) tape carrier material; and 

b) a plurality of patterned conductive ele- 
ments (107) adjacently anranged on tiie tape carrier 
material in a pllurality of sections, comprising: 

45 I) a first section (130). a second section 

(132), and a third section (134), each section com- 
prising adjacent conductive elements (107) ar- 
ranged In parallel and arranged with a pitch spac- 
ing (PI, P2. P3) that Is different than the pitch 

60 spacing of the elements (107) In the other two 
sections; 

ii) a fourth section (133) providing connec- 
tion between the first section (130) and ttie second 
section (132). and a fifth section (135) providing 
55 connection between the second section (132) and 
the tiiird section (134) so tiiat adjacent conductive 
elements (107) in each of the fourth and fifth sec- 
tions are positioned in non-parallel relation; 
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c) wherein the variable pitch tab leadframe 
assembly (103) permits electrical connection be- 
tvmen a semiconductor chip padcage (126) and 
one of a plurality of differently pitched ne)ct level of 
packaging bond sites. 

10 



IS 



20 



25 



30 



35 



40 



45 



50 



9 



08/1.0 2002 18:48 FAX 65 65381882 



.JOHN TAN N CHAN 



1^019 




FIG. 2 




25b ZS 



OS MO 2002 IS: 49 FAX 65 63381882 



JOHN TAN N CHAN 



1^020 



EP 0 393 997 A2 




61 d 



j ^//y/y//y//yy y/^ / /^^ * * y / / y / y y , / y a 
62 r-\r- >i- 




7 
62 



61(1 



s'b FIG. 4b 



6ld 




63 



64 



^^^^ 




08/10 2002 18:49 FAX 63 65381882 



JOHN TAN N CHAN 



(^021 



EP 0 393 997 A2 



64 



^^^^^^ 




FIG. 6 (PRIOR ART) 



FIG. 7 




99 



FIG. 8 (PRIOR ART) 



h / / /// ///// /777 
^////f / ^ f ^ y f f ^ * 



FIG. 9 



V///^ ^ y / ^/ y/ 
l//^^^y// y^ ^//^ 




W////y/V////yVA 



/yyy /////. 
y ff/^f ^ /• yy//y y yyy/ 



FIG. 10 (PRIOR ART) 



FIG. II 




FIG. 13 



103 



OS/10 2002 18:50 FAX 65 653S1882 



JOHN TAN N CHAN 



t^023 



EP 0 393 997 A2 



FIG. 14 




